Objectives To determine the accuracy of area based Townsend Deprivation Scores (TDSs) as proxies for individual level deprivation and to compare the ability of TDSs and individual level measures of deprivation to predict selfreported health.
Introduction and background
Numerous different measures of socio-economic position (SEP) have been used in health research. 1 These include individual level measures based on education, occupation and income, and area based measures such as the Townsend Deprivation Score 2 (TDS) and the Index of Multiple Deprivation. 3 However, the most appropriate measure of SEP for use in health research is not yet known. TDSs are calculated from census data at either the enumeration district (about 450 people in 200 households) or ward (about 5500 people in 2400 households) level and are a composite score based on the percentage of homes that are not owner-occupied, the percentage of economically active residents who are unemployed, the percentage of households that do not have access to a car and the percentage of households with more than one person per room. Raw figures are standardized using the z-score technique and summed to give an overall score with equal weight given to each of the constituent variables. Although calculated at an area level, TDSs are often applied to individuals by linking home postcodes to enumeration districts or electoral wards of residence.
Because small areas -such as enumeration districts and electoral wards -are unlikely to be socio-economically homogenous, the use of TDSs as measures of individual socio-economic deprivation has been criticized. [4] [5] [6] Furthermore, TDSs are calculated from census data which can be up to 12 years out of date before new data is available, and may be particularly inaccurate when applied to more mobile, inner city populations. 4 The theoretical basis of TDS has also been questioned. 4,7 However, TDSs have been widely used as proxy measures of individual level deprivation and are predictive of a wide range of individual level measures of health status. [8] [9] [10] [11] [12] As TDSs can be determined from an individual's postcode, they offer one method of assigning a measure of SEP from a routinely collected variable when no explicit information on SEP has been collected. As such, they offer the opportunity to use numerous data sets for socio-economic analysis when no individual level data on SEP is available.
In order to determine the comparative utility and accuracy of area-based TDSs as a measure of SEP at the individual level in the health context, we constructed an individual measure of deprivation, based on the constituent variables included in TDS, and compared its ability to predict health status with a number of other area based and individual measures of SEP.
Methods

Data source
Data were abstracted from a large health and behaviour survey undertaken in Newcastle upon Tyne, UK in 2001. 13 Questionnaires were sent to a sample of 17 801 households randomly selected from the Postcode Address file for the city. The person identified as the main food shopper in 3153 (17.7 per cent) households responded and a further mailing to other individuals in respondent households led to individual questionnaire responses from 5044 individuals in the 3153 households.
Measure of health
Self-reported health status, which has previously been reported to be an accurate predictor of morbidity and mortality, 14 was assessed using the question "for your age, would you say that your health is:" with answers graded on a 5-point Likert scale from very poor to very good. Responses were then dichotomized into good or very good, versus less than good selfreported health.
Measures of socio-economic position
Eight measures of SEP were used: an individual level TDSlike measure, enumeration district level TDS, ward-level TDS, a standard of living index of the household of residence, annual household income per adult equivalent, employment status, educational attainment and the Office of National Statistics Socio-economic Groups (SEG). Enumeration district and ward-level TDSs were calculated from 1991 census data and standardised to England and Wales as a whole.
2 The individual level TDS-type measure was calculated from: the number of cars available in the household of residence per adult equivalent, the number of rooms in the household per adult equivalent, current employment status (coded as in paid employment, not in paid employment and not registered unemployed, or registered unemployed) and current housing tenure (coded as renting, not renting and not owner occupied, or owner occupied). As with ecological TDSs, the component scores were standardized using the z-score technique and the resultant z-scores were summed to give a composite score with equal weight given to each component. Throughout, the number of adult equivalents in a household was calculated as: 1 + (0.7 × additional adults) + (0.5 × children).
To quantify access to material resources, a household standard of living index was calculated as the number of consumer durables available in the household of residence from the following list (adapted from the General Household Survey 15 ): a telephone, satellite or cable television, a video recorder, a computer, internet access, a mobile phone, a dishwasher, a vacuum cleaner, a hob and oven, a refrigerator, a toaster, a grill, a microwave oven, a freezer, a washing machine, a bath or shower, an inside toilet and central heating. This gave a score between 0 and 18. Annual household income per adult equivalent was calculated as respondent estimated household income after tax with adult equivalents calculated as above. Employment status was coded as in paid work or not in paid work. Educational attainment was coded as secondary or less, some higher education but no university degree, or university degree. There are nine socioeconomic groups in the Office of National Statistics classification and these were used without collapse or combination.
Analysis
Individual, enumeration district and ward-level TDSs, as well as household standard of living index and annual household income per adult equivalent, were assigned to quintiles for analysis. Employment status and educational attainment remained as two and three level variables respectively, and SEG as a nine level variable.
The ability of the eight different measures of SEP to predict self-reported health status was assessed using binary logistic regression. We present our results according to the schema proposed by Lang and Secic. 16 We used the pseudo r 2 statistic as a measure of goodness-of-fit which allowed us to compare directly the variation in self-reported health status accounted for by the different measures of SEP. 17 We also examined the correlation between the ranks of individual, enumeration district and ward-level TDSs using the Pearson correlation coefficient.
Stata version 8.0 was used for analysis throughout.
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Results
The distribution of the different measures of SEP and the number of individuals in each group reporting good or very good health is shown in The results of the logistic regression models of the ability of each individual measure of SEP to predict self-reported health are shown in Table 2 . Likelihood ratio tests 18 showed that there was no significant deviation from linearity in the effect of all of the measures of SEP on self-reported health, apart from SEG. This variable was, therefore, entered into the logistic regression model as a categorical variables whilst all other measures of SEP were entered as continuous variables. Adjustment for age and sex had very little effect on any of the results (data not shown) and, for simplicity, we report the results of unadjusted models only.
The p-values of the models confirm that the ability of all measures of SEP to predict self-reported health was statistically significant. Because unit changes in the eight measures of SEP were not comparable, the odds ratios cannot be used as comparable measures of the effects of the measures of SEP on selfreported health. Instead, the pseudo r Table 3 . Whilst all three correlation coefficients are highly statistically significant, the strength of association is greatest between individual and enumeration district TDS.
Discussion
We have constructed an individual-level measure of deprivation, using the same component measures and method of combination as used in the traditional TDS, and compared the ability of this to predict self-reported health status in a large cohort of individuals from Newcastle upon Tyne, UK with a number of other commonly used measures of SEP. The individual TDSlike measure of deprivation accounted for 2.89 per cent of the variation in self-reported health status and was amongst the three measures of SEP that accounted for the most variation in self-reported health status. Enumeration district level TDS accounted for slightly less variation in self-reported health (2.24 per cent) whilst ward-level TDS was found to be minimally predictive of health accounting for only 0.05 per cent of the variance in self-reported health. The association between the individual level TDS-like measure and enumeration district TDS was strong whilst that with ward-level TDS was much less so. By examining the ability of different measures of SEP to predict health, there is a risk of concluding that a 'good' measure of SEP is one which accurately predicts health. This is one of the most consistent criticisms levelled at Stephenson's underlying rationale for the development of the Registrar General's social classes. 19, 20 However, in the absence of a 'gold standard' measure of SEP, we are left to rely on either a theoretically sound measure of SEP or ones which have demonstrated empirical utility. Our results confirm that one commonly used measure of SEP with a clearly stated theoretical rationale -the TDS -is, when calculated at the enumeration district level, almost as accurate a predictor of health as a similar measure calculated at the individual level and is highly correlated with it. This contradicts previous claims that this particular area based measure of deprivation cannot be accurately applied to individuals because of socio-economic heterogeneity within small areas. We compared our individual TDS-like measure, calculated from data collected in 2001, to TDSs calculated from 1991 census data and applied to place of residence in 2001. Although we originally hoped to compared our individual level TDS-like measure to area level TDSs calculated from both 1991 and 2001 census data, reliable data for mapping postcodes to output areaswhich replaced enumeration districts in the 2001 census -was not available at the time of analysis. The data we used for our calculation of area level TDS was, therefore, 10 years out of date whilst the data used to calculate the individual level TDSlike measure was contemporaneous with the self-reported health data. The similar ability of the enumeration district level TDS and individual level TDS-like measure to predict health suggests that the common criticism that TDS are based on out of date data which cannot take account of population movement is, at least in Newcastle upon Tyne, unjustified. Similar analyses in areas with greater population movement will be needed to determine if this conclusion is generalizable.
The 27 Whilst numerous such classifications are available, they rely on a much smaller number of concepts including occupation, education, income and wealth, and access to material goods. Although we have not included all possible measures of SEP in our analyses, we have used at least one measure of each of these broad concepts thought to be key to SEP. We have presented the results of the logistic regression analyses performed according to the criteria proposed by a number of authors. 16, [28] [29] [30] Despite the widespread use of logistic regression in the health literature, there is evidence that this 'best practice' is rarely adhered to. 28, 29 The odds ratios derived from the logistic regressions have 95 per cent confidence intervals 
Conclusions
We have constructed an individual level measure of deprivation based on the same constituent variables as traditional, ecological TDSs. Analysis of the ability of this new variable to predict self-reported health, compared to both traditional TDS and a number of other measures of SEP, found that TDSs calculated at the enumeration district level had a similar ability to predict health as the individual level measure but that ward-level TDSs had a very limited ability to predict health. Annual household income per adult equivalent, and SEG were the two other measures of SEP which accounted for the largest variation in self-reported health. Our results suggest that enumeration district level TDS applied to individuals, using home postcodes, are as accurate as a number of other measures of SEP as well as an individual level TDS-like measure, in terms of ability to predict health.
